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Research  on  Strengthening  Mechanisms  in  High  Temperature  Ceramics  was 
conducted  in  the  Department  of  Metallurgy  fi  Materials  Science  from  September  1, 
1969  through  February  22,  1977  under  sponsorship  from  the  Army  Research  Office. 
During  the  course  of  this  research,  16  papers  have  appeared  in  the  technical 
literature,  and  a further  4 are  presently  being  written;  research  on  two 
topics  begun  under  this  grant  are  continuing  with  support  by  other  agencies. 

A list  of  all  papers  published  to  date  are  included  in  the  Appendix. 

Five  graduate  students  were  supported  for  all  or  part  of  their  graduate 
studies:  Dr.  B.  J.  Pletka  (M.S.  and  Ph.D.),  Dr.  M.  W.  Park,  (Ph.D.),  and 
Mr.  L.  W.  Hwang  (M.S.).  Messrs.  W.  D.  Donlon  and  D.  S.  Phillips  have  began 
their  research  under  ARO  sponsorship  but  are  still  in  graduate  school. 

In  the  following,  we  briefly  summarize  the  research  accomplishments; 
for  convenience,  they  are  separated  into  three  areas--A1^0^,  MgAl70^  and 
Ti07-Sn07.  Discussion  of  each  is  keyed  to  the  Appendix,  which  lists  the 
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1 . Plastic  Deformation  of  Aluminum  Oxide 

As  shown  in  the  Appendix,  ten  publications  have  appeared  in  the  open 
literature,  and  a further  four  are  in  preparation;  work  is  continuing  in 
this  area  by  D.  S.  Phillips.  Our  first  concerns  were  with  hardening 
mechanisms  in  sapphire  deforming  by  basal  slip,  which  is  the  most  easily 
activated  slip  system  in  alumina.  Paper  1 presents  a qualitative  study  of 
the  dislocation  substructure  during  basal  slip,  and  was  followed  by  a 
quantitative  study,  (papers  2 and  3),  which  led  to  a detailed  model  of  work 
hardening  in  sapphire  (paper  4).  This  theory  also  led  to  a model  for  creep 
in  sapphire  (paper  18).  Concurrently,  work  was  being  done  on  deformation  of 
Cr-doped  and  Ti-doped  samples  (papers  2,  5,  and  17),  which  led  to  a general 
theory  of  solid  solution  hardening  in  ionic  crystals  (paper  6),  where  it  was 
shown  that  aliovalent  impurities  are  much  more  potent  hardeners  than 
isovalent  impurities;  the  main  contribution  of  the  hardening  comes  from  the 
elastic  (rather  than  the  electrostatic)  interactions  introduced  by  aliovalent 
impurities  and  their  charge-compensating  defects. 

Ti-doped  sapphire  is  also  potentially  a system  in  which  precipitation 
hardening  can  be  realized,  since  suitable  heat  treatment  can  lead  to  the 
formation  of  precipitates  of  oriented  needles  (star  sapphire).  Initial 
results  of  precipitation  hardening  are  presented  in  paper  2 while  the 
precipitation  process  itself  is  discussed  in  papers  7 and  8.  The  precipitate 
has  now  been  definitively  identified  as  rutile  (TiO^)  (paper  19) . Further 
studies  on  precipitation  hardening  in  suitably-aged  samples  is  underway  in 
our  laboratories  and  will  also  constitute  part  of  1).  Phillips  Ph.l).  work. 

During  the  basal  slip  study,  a unique  climb  dissociation  of  basal 
dislocations  was  observed  (rather  than  the  more  familiar  glide  dissociation); 
this  is  described  in  paper  9,  and  a study  of  the  energetics  of  the  dissocia- 
tion is  described  in  paper  20. 


3 
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In  addition  to  the  work  on  Ti-doped  sapphire,  work  is  continuing  in  our 
laboratory  on  work  hardening  of  sapphire  undergoing  prismatic  slip  and  the 
kinetics  of  dislocation  dipole  annhilation,  both  of  which  will  be  included 

in  D.  Phillips's  Ph.D.  thesis.  Finally,  the  several  slip  systems  in  sapphire 

% 

are  discussed  from  a crystallographic  point  of  view  and  compared  to  slip  in 
MgO  and  MgA^O^  in  paper  10. 

2 . Plastic  Deformation  of  Mg  aluminate  Spinel 

Our  studies  of  plastic  deformation  in  spinel  have  been  concerned  mainly 
with  understanding  the  impressive  high  temperatures  strength  of  stoichiometric 
spinel,  as  discussed  in  paper  11,  and  the  influence  of  non-stoichiometry  on 
plastic  deformation  in  spinel  (paper  12).  This  work  is  continuing  and  will 
constitute  the  thesis  work  of  Mr.  Donlon;  particular  attention  will  be  de- 
voted to  the  role  of  climb  in  the  high  temperature  deformation. 

3.  Spinodal  Decomposition  in  (Ti,Sn)On 

A study  of  decomposition  in  (Ti.SnJO^  solid  solutions  was  undertaken 
to  determine  whether  spinodal  strengthening  might  be  a useful  strengthening 
mechanism  for  ceramics  and  papers  13-16  resulted  from  this  effort.  Although 
the  technical  aspects  of  preparing  polycrystalline  "alloys"  that  could  be 
spinodally  decomposed  was  sufficiently  arduous  that  no  actual  study  of 
spinodal  strengthening  was  attempted,  this  work  is  believed  to  constitute  the 
most  detailed  study  of  spinodal  decomposition  in  a crystalline  ceramic 
yet  reported. 

Paper  13  constitutes  a redetermination  of  subsolidus  equilibrium  in  this 
system  and  was  necessitated  by  a controversy  about  the  phase  equilibria, 
which  occurred  during  the  initial  stages  of  our  research.  Paper  14  is  a 
theoretical  analysis  of  small  angle  x-ray  scattering.  This  tool  has  been 
widely  used  for  studies  of  spinodal  decomposition,  and  in  this  paper,  we 


clarify  the  interpretation  to  be  given  small  angle  x-ray  spectra  in  spinodally 
decomposing  systems.  Papers  15  and  16  present  the  results  of  the  studies 
of  spinodal  decomposition  themselves,  the  former  paper  being  concerned  with 
the  early  stages  of  decomposition,  and  with  alloys  both  inside  and  outside  the 
spinodal,  while  the  latter  paper  is  concerned  with  coarsening  of  an  alloy 
inside  the  spinodal. 

In  closing,  the  principle  investigators  want  to  acknowledge  the  unfettered 
support  given  by  the  Army  Research  Office  over  a considerable  period  of  time, 
which  allowed  a most  productive  research  program  to  be  carried  out. 
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